T , were isolated from the air-conditioning system of a car. Cells of both strains were Gram-reaction-positive, non-motile, non-spore-forming coccoids, catalase-and oxidase-positive and UV-radiation resistant. The major fatty acids of strain MA1002
had three unidentified phosphoglycolipids, six unidentified phospholipids, two unidentified glycolipids and two unidentified polar lipids as the polar lipids. The G+C contents of the genomic DNA of MA1002 T and MA1003 T were 70.5 and 76.0 mol%, respectively. MK-8 was the predominant respiratory quinone for both strains. 16S rRNA gene sequence analysis showed that strain MA1002 T was phylogenetically related to Deinococcus apachensis DSM The genus Deinococcus was proposed by Brooks & Murray (1981) and its description was later amended by Rainey et al. (1997) on the basis of the classification of deinococci by their typical red pigmentation, spherical or rod-shaped cells and high resistance to environmental hazards including extreme UV light, gamma radiation (ionizing radiation) and desiccation. Since the description of five novel species in 1981, the number of species with validly published names has increased; at the time of writing, the genus consisted of 49 species with validly published names that were isolated from various environments. In recent years, species of the genus Deinococcus have been isolated from air, dust, mountain soil, citrus leaves, a cleanroom and desert soils (Ahmed et al., 2014; Dong et al., 2015; Peng et al., 2009; Vaishampayan et al., 2014; Yang et al., 2010; Yoo et al., 2010) . Here, we report the phylogenetic characterization of strains MA1002 T and MA1003
T .
Strains MA1002 T and MA1003 T were isolated from a car air-conditioning system that operated in the Republic of Korea. The evaporator cores were disassembled from four sedans that were malodorous and had been operated for more than 2 years in Korea. Aluminium heat-exchanger fins were harvested from the evaporator cores by using sterilized long-nosed pliers. Harvested aluminium fins were blended with PBS and then plated on R2A agar using standard dilution plating technique. After plating, the plates were incubated at 28 8C for 7 days and two bacterial strains, MA1002
T and MA1003 T , were isolated.
The 16S rRNA gene sequence was determined as described previously (Kim & Ka, 2014) . The similarity of almost fulllength sequences was determined using the EzTaxon server (Kim et al., 2012) , and sequences from strains MA1002 T and MA1003 T and related taxa (retrieved from the NCBI database) were aligned using the multiple sequence alignment program CLUSTAL W (Thompson et al., 1994) . Phylogenetic trees were inferred using neighbour-joining (Saitou & Nei, 1987) and maximum-parsimony (Fitch, 1971) methods using the MEGA6 software program (Tamura et al., 2013) with bootstrap values based on 1000 replications (Felsenstein, 1985) . T (92.9 %). The neighbour-joining tree based on 16S rRNA gene sequences showed that the two strains were grouped with the members of the genus Deinococcus, and formed a distinct phylogenetic line distinguishable from other species of the genus Deinococcus (Fig. 1) .
Growth of both strains was assessed on nutrient agar (NA), R2A agar, trypticase soy agar (TSA), Luria-Bertani (LB) agar and MacConkey agar (all from Difco). The Colour Gram 2 kit (bioMérieux) was used for Gram staining. Oxidase and catalase activities were assessed using oxidase reagent and ID Colour catalase reagent, respectively (bioMérieux). The methods of Smibert & Krieg (1994) were used to determine hydrolysis of casein and starch. Xylan, chitin and CM-cellulose degradation activities were determined on R2A agar plates containing xylan [0.7 % chitin [0.25 % (w/v) ] and CM-cellulose [1 % (w/v)], respectively. Phase-contrast microscopy (AXIO; Zeiss) was used for cell motility and morphology studies with cells grown for 5 days at 28 8C on R2A agar. Tolerance of NaCl was tested in the presence of 0-10 % NaCl (w/v) (at 0.5 % intervals) on R2A agar prepared according to the formula of the Difco medium. The temperature range for growth was tested on R2A agar (Difco) at 5, 10, 15, 20, 25, 28, 35, 37, 40, 45, 50 and 55 8C for 5 days. The pH range for growth was determined on R2A broth (LabM) adjusted to pH 2-10 at 0.5 pH unit intervals. Growth under anaerobic conditions was investigated in an anaerobic chamber. Other physiological and biochemical properties were tested using commercial API ZYM, API 20E and API 20NE systems (bioMérieux). API ZYM tests were read after 4 h of incubation at 37 8C, and the other API tests were read after 48 h at 28 8C. All bioMérieux kits were used according to the manufacturer's instructions.
The two strains grew on NA, R2A agar, TSA and LB agar, but not on MacConkey agar. The strains showed poor tolerance of NaCl and a narrow pH range for growth. Both strains showed red colonies under aerobic conditions. However, when MA1002
T was grown under anaerobic conditions, the strain formed white colonies. In addition, both strains hydrolysed casein, but not starch. Detailed results of morphological, physiological and biochemical characterizations of the two strains and the type strains of closely related species are shown in Table 1 .
For analysis of the cellular fatty acids, the two strains and the type strains of closely related species were grown concurrently on R2A agar for 5 days at 28 8C; D. aerius JCM 11750 T and D. aetherius JCM 11751 T were grown on mTGE agar at 28 8C for 7 days in our laboratory. The cellular fatty acids were extracted, methylated and separated by gas chromatography (model 6890; Hewlett Packard) according to the protocol of the Sherlock Microbial Identification System (MIDI, 1999) . Fatty acid methyl esters were identified and quantified using the TSBA 6 database (version 6.10) of the Sherlock Microbial Identification System (MIDI). The DNA G+C content was measured by real-time PCR analysis (Gonzalez & Saiz-Jimenez, 2002) . To extract isoprenoid quinones, 100 mg freeze-dried cells was treated overnight with chloroform/methanol (2 : 1, v/v). Preparative TLC was performed using Kieselgel 60 F 254 plates (20620 cm, 0.5 mm thick; Merck) with petroleum ether/diethyl ether (9 : 1, v/v) as the solvent. The resulting band was marked under short-wavelength UV light, scraped from the plate and redissolved in acetone. Finally, the menaquinone profile was analysed using reversed-phase HPLC (LC20AD system; Shimadzu) with an ODS-2 C18 column (15064.6 mm; Phenomenex) and a UV detector at 270 nm. Polar lipids were extracted and separated using twodimensional TLC according to published procedures (Komagata & Suzuki, 1987) . To identify the specific moieties of lipids, the following spraying methods were applied: 0.5 % a-naphthol in methanol/water (1 : 1, v/v) followed by spraying with 95 % sulfuric acid for glycolipids; 0.25 % ninhydrin in acetone for amino lipids; molybdenum blue reagent (Sigma) for phospholipids (Counsell & Murray, 1986) ; and 5 % molybdatophosphoric acid hydrate (Merck) in ethanol for total lipids. 
Strain MA1002
T had two major fatty acids, iso-C 17 : 0 and iso-C 15 : 0 , which are generally found in members of the genus Deinococcus. For MA1002 T , summed feature 1 (C 13 : 0 3-OH and/or iso-C 15 : 1 H) and summed feature 4
(anteiso-C 17 : 1 B and/or iso-C 17 : 1 I) were relatively abundant compared with type strains of closely related species. Strain MA1003 T contained iso-C 16 : 0 and iso-C 16 : 1 H as the main fatty acids. Specifically, these iso-branched fatty
D. aetherius ST0316 T (AB087287)
Deinococcus geothermalis DSM 11300 Table 2 .
The polar lipids found in MA1002 T were phosphatidylethanolamine, two unidentified phosphoglycolipids, an unidentified phospholipid, an unidentified aminophospholipid, an unidentified aminolipid and an unidentified lipid. The polar lipids of strain MA1003
T were three unidentified phosphoglycolipids, six unidentified phospholipids, two unidentified glycolipids and two unidentified polar lipids (Fig. 2) . The DNA G+C contents of strain MA1002
T and MA1003 T were 70.5 and 76.0 mol%, respectively. Menaquinone 8 (MK-8) was the predominant isoprenoid quinone for both strains.
To determine the survival rate after exposure to gamma radiation, cells grown to the exponential phase (,10 8 c.f.u. ml
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) were irradiated at room temperature using a . Following irradiation, the strains were serially diluted 10-fold in saline (0.85 % NaCl) and then spread on R2A plates. The plates were incubated at 30 8C for 2 days to allow colony formation, and c.f.u. were then counted. Tolerance of UV radiation was assessed by the method of Arrage et al. (1993) . Briefly, strains were grown in R2A liquid medium at 28 8C, with shaking at 150 r.p.m. Cells were recovered by centrifugation, washed and resuspended in PBS. Aliquots were spread on R2A agar plates and exposed at 10-60 mJ cm
22
, with the total dose being a function of fluence rate and time of exposure (UV-C, 254 nm), and incubated at 28 8C for 1 week.
Strains MA1002
T and MA1003 T showed tolerance of gamma radiation and UV radiation. Gamma radiation survival curves were generated following irradiation of stationary-phase cultures of strains MA1002
T and MA1003 T and a strain of the type species, Deinococcus radiodurans R1. At doses of 3 kGy or less, all three strains exhibited identical radioresistance, but, at higher doses, D. radiodurans R1 was more resilient. At 12 kGy, strain MA1002
T was approximately 10 3 -fold more sensitive to ionizing radiation than was D. radiodurans R1. However, MA1003
T was able to grow at 12 kGy (Fig. S1 , available in the online Supplementary Material). For UV radiation, survival of strains
MA1002
T and MA1003 T was observed at doses of 60 mJ cm 22 (Fig. S2 ).
In conclusion, the main characteristics of strains MA1002
T and MA1003 T are in accordance with the description of the genus Deinococcus. First, 16S rRNA gene-based phylogenetic analysis indicated that both strains are members of the genus Deinococcus. Also, resistance to UV flux and gamma radiation, the major respiratory quinone and the high DNA G+C content supported the affiliation to the genus Deinococcus. However, the new isolates could be distinguished from other members of the genus Deinococcus by a combination of physiological and biochemical features and minor differences in their fatty acid profiles. Pairwise 16S rRNA gene sequence similarity between members of the genus Deinococcus was not more than 93 %. Moreover, strains MA1002
T and MA1003 T had cellular fatty acid profiles that differed from those of the type strains of closely related species. For example, the fatty acid profile of MA1002
T contained larger proportions of summed feature 1 (C 13 : 0 3-OH and/or iso-C 15 : 1 H) and summed feature 4 (anteiso-C 17 : 1 B and/or iso-C 17 : 1 I) than those of the type strains of closely related species. Strain MA1003 T contained iso-C 16 : 0 and iso-C 16 : 1 H as major fatty acids, which were present at about 2 % or absent in the type strains of related species of the genus Deinococcus. Moreover, MA1003
T contains summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c) at about 5 %, which was the major fatty acid in the type strains of related species of the genus Deinococcus. acid. PE, Phosphatidylethanolamine; PGL1-3, unidentified phosphoglycolipids; APL, unidentified aminophospholipid; AL, unidentified aminolipid; PL1-6, unidentified phospholipids; GL1-2, unidentified phospholipids; L1-2, unidentified polar lipids that were not stainable with any of the specific spray reagents applied to detect a phosphate, an amino group or a sugar moiety.
D.-U. Kim and others Therefore, on the basis of the data presented here from our polyphasic study, strains MA1002 T and MA1003 T represent two novel species in the genus Deinococcus, for which the names Deinococcus metallilatus sp. nov. and Deinococcus carri sp. nov., respectively, are proposed.
Description of Deinococcus metallilatus sp. nov.
Deinococcus metallilatus (me.tal.li.la9tus. L. neut. n. metallum metal; L. masc. part. adj. latus carried; N.L. masc. part. adj. metallilatus metal-borne).
Cells are Gram-reaction-positive, non-motile, non-sporeforming coccoids, 1.25-1.58 mm in diameter after cultivation for 5 days at 28 uC on R2A agar. Colonies are 0.4-1.0 mm in diameter, circular, convex, entire, smooth and faintly pink-pigmented after cultivation for 5 days at 28 uC on R2A agar. Grows on LB agar, NA, R2A agar and TSA, but not on MacConkey agar. Tests for catalase and oxidase activities are positive. Grows at 20-45 uC (optimal growth at 40 uC) and at pH 6.0-7.5 (optimal growth at pH 6.5); no growth at 1 % NaCl or higher. Casein is hydrolysed weakly but starch is not hydrolysed. Positive in API ZYM strips for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, acid phosphatase, naphthol-AS-BIphosphohydrolase and a-glucosidase. Negative for lipase (C14), cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, bglucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase. Production of acetoin and gelatinase are positive in API 20E strips. Negative in API 20E strips for b-galactosidase, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, citrate utilization, H 2 S production, urease, tryptophan deaminase, indole production and fermentation/oxidation of glucose, mannitol, inositol, sorbitol, rhamnose, sucrose, melibiose, amygdalin and arabinose. In API 20NE strips, positive for gelatin hydrolysis and assimilation of D-glucose, D-mannitol, maltose and potassium gluconate and negative for indole production, glucose fermentation, arginine dihydrolase, aesculin hydrolysis and assimilation of L-arabinose, Nacetyl-D-glucosamine, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid. MK-8 is the major respiratory quinone. The major fatty acids are iso-C 17 : 0 and iso-C 15 : 0 . The polar lipids are phosphatidylethanolamine, two unidentified phosphogly colipids, an unidentified phospholipid, an unidentified aminophospholipid, an unidentified aminolipid and an unidentified lipid.
The type strain, MA1002
T (5KACC 17964 T 5NBRC 110141 T ), was isolated from a biofilm growing in an evaporator core in a car air-conditioning system in Korea. The DNA G+C content of the type strain is 70.5 mol%.
Description of Deinococcus carri sp. nov.
Deinococcus carri (car9ri. L. gen. n. carri of a vehicle).
Cells are Gram-reaction-positive, non-motile, facultatively anaerobic, non-spore-forming cocci, 1.3-1.6 mm in diameter after 5 days at 28 uC on R2A agar. Colonies grown on R2A agar are circular with entire edges, convex, pinkpigmented. Grows on plate count agar, LB agar, TSA, NA and R2A agar, but not on MacConkey agar. Grows in the presence of 0-1 % (w/v) NaCl (optimum, 0.5 %), at 15-40 uC (optimum, 28 uC) and at pH 6.0-7.5 (optimum, pH 6.5). Catalase-and oxidase-positive. Hydrolyses casein; does not hydrolyse starch, xylan, chitin or CM-cellulose. API 20NE tests show positive reactions for gelatin hydrolysis and utilization of maltose, weakly positive reactions for utilization of D-glucose, potassium gluconate and malic acid and negative reactions for nitrate reduction, indole production, glucose fermentation, arginine dihydrolase, urease, aesculin hydrolysis, b-galactosidase and utilization of L-arabinose, D-mannose, D-mannitol, N-acetyl-Dglucosamine, capric acid, adipic acid, trisodium citrate and phenylacetic acid. API 20E tests show positive reactions for tryptophan deaminase, acetoin production and gelatinase and negative reactions for b-galactosidase, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, citrate utilization, production of H 2 S and indole and nitrate reduction. Acid production is negative from D-glucose, D-mannitol, inositol, D-sorbitol, L-rhamnose, sucrose, melibiose, amygdalin and L-arabinose. API ZYM tests show positive reactions for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase and a-glucosidase and negative reactions for lipase (C14), valine arylamidase, cystine arylamidase, trypsin, achymotrypsin, a-galactosidase, b-galactosidase, bglucuronidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase. The major fatty acids are iso-C 16 : 0 and iso-C 16 : 1 H. The major isoprenoid quinone is MK-8. The polar lipids are three unidentified phosphoglycolipids, six unidentified phospholipids, two unidentified glycolipids and two unidentified polar lipids.
The type strain, MA1003
T (5KACC 17965 T 5NBRC 110142 T ), was isolated from a biofilm growing in an evaporator core from a car air-conditioning system in Korea. The DNA G+C content of the type strain is 76.0 mol%.
